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G2 Air turbine cycle.

@ The use of hot gas generators which produce corrosive or
abrasive products of combustion have precluded the use of gas
turbines in a direct flow path of the combustion products. It is
preferable to utilize non-contact gas to gas heat exchangers in
order to transfer heat from a hot gas stream to a working fluid. A
first heat exchanger (116) connected to a gas furnace (110) is
used to raise the temperature of inlet gas (120) to an air turbine
(101). A second heat exchanger (140) is used to raise the
temperature (prewarm) of discharge air (118) supplied from a
compressor (102) to the air turbine air inlet, the second heat
exchanger connected to the air turbine exhaust (142). A third
heat exchanger (170} may preheat the air input (166) into the
furnace.
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Description

AIR TURBINE CYCLE

This invention relates to combustorless air turbine
cycles; and, in particular, this invention relates to
heat generating processes used in combination with
air turbine cycles.

The use of hot gas generators which produce
corrosive or abrasive products of combustion have
precluded the use of gas turbines in a direct flow
path of combustion products. In a prior art heat
generating cycle, a heat recovery steam generator
was used in combination with a steam turbine and
electrical generator to recover valuable heat which
would otherwise be wasted. An air turbine in
combination with a gas to air heat recovery, heat
exchanger provides a means for utilizing what would
be an otherwise wasted hot exhaust gas stream.

In our European published Patent Application No.
EP-0208162 for an Air Cycle Thermodynamic Con-
version System, the efficiency of a so-called air
bottoming cycle (ABC) was demonstrated and fully
explained. To summarize the disclosure of that
patent application, an air turbine drives a string of
compressors which have intercoolers so that each
stage output is cooled to about ambient before
being sent on to the next stage. The intercooling
process between compressors lowers the work
input into the compressor necessary for providing
the pressure rise. Moreover, as the compressed air
leaves the final compressor stage, it is at a lower
temperature so that the heat recovery from the gas
turbine exhaust stack flow, with which it is in a heat
exchange process, is also greater.

In U.S. Patent Application Serial No. 055213
having the same inventors as the present application
and a common assignee, and filed on 28 May 1987, a
coal gasification plant is shown wherein a gas
turbine exhaust provides heat to an air bottoming
cycle air turbine. The air turbine, in turn, drives a
string of compressors to provide air to the air turbine
and air for an oxygen plant which provides oxygen to
a coal gasification plant. The coal gasification plant
thereafter provides fue! to the gas turbine.

In some processes, such as are used in the
manufacture of sulfuric acid, the hot gas products of
a sulfur furnace must be cooled but cannot be
expanded directly in a gas turbine because of the
corrosive nature of the product gas. However, the
process of producing sulfur dioxide gas requires a
compressed air supply and therefore it would be
desirable to provide a gas turbine/compressor
package which could somehow use the heat
produced in the sulfur burning furnace. In the piior
art, the process included the provision of a heat
recovery steam generator to absorb heat from the
sulfur furnace hot gas stream and to produce steam
for a steam turbine. The steam turbine would drive
an electric generator to produce electricity some of
which would be used to drive an electric motor and
the remainder available to sell as power. The electric
motor would, in turn, drive a compressor o supply
compressed air to the sulfur burning furnace.

In accordance with the foregoing, it would be
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desirable to provide an air turbine cycle which is
usable with and which will render more efficient
certain processes. The novel cycle disclosed herein
can operate at high efficiency for certain processes
without the use of steam. or water. The products of
combustion never enter the turbomachinery but the
heat of these products is used to drive turboma-
chinery. Cycle efficiency is improved by providing a
heated air supply to the combustion process for
producing a hot exhaust gas stream, and by the
removal of an optimum amount of heat from
combustion gas as is feasible.

An air cycle turbine is provided with hot air
through a heat exchange relationship with process
heat. The process may be for the generation of a
useful product or simply be available for the sole
purpose of providing a hot exhaust gas stream. The
air turbine may drive a string of compressors with
intercoolers for the purpose of producing com-
pressed air for the air turbine. In addition, there may
be a need for a specific quantity or condition of
compressor discharge air for combustion purposes,
such that a boost or auxillary compressor may be
added to a compressor string for providing the
appropriate discharge air for the combustion pro-
cess. In some applications, it may be appropriate to
include air preheating for the combustion air input in
order to reduce the fuel requirements in a combus-
tor. Finally, a recuperative heat exchange may be
included to preheat turbine air in a heat transfer
relation with- turbine exhaust gas prior to the heat
exchange with process or combustion air.

In the accompanying drawings:

Figure 1 is a schematic of a combined cycle
including a hot gas producing cycle and a steam
cycle in accordance with the prior art.

Figure 2 is a schematic of another prior art
process which utilizes a gas to gas heat
exchange process for heating air input into an
air turbine.

Figure 3 is a schematic view of an air turbine
cycle in accordance with the present invention.

Figure 1 is a schematic representation of a sulfuric
acid producing process 10. Sulfur 12 is input into a
furnace 14 where it is burned to produce a sulfur
product gas SO2. The combustion process of the
furnace requires an air input from a compressor 16
which is driven by an electric motor 18 through a
connecting shaft 20. The air input into the com-
pressor is indicated by the arrow 22 whereas an air
dryer 24 may be interposed between the com-
pressor discharge line 26 and the inlet line 28 to the
sulfur burning furnace.

The output line 30 from the gas furnace carries a
hot gas stream of SO2 which then, according to
process requirements must be reduced in tempera-
ture in order to be converted catalytically to SO3
which will eventually be processed to a condensate
sulfuric acid H2SO4. The heat reducing process can
be made more efficient by the inclusion of a Rankine
cycle including a heat recovery steam generator 32,
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a steam turbine and condenser 34 and an electric
generator 36. Some of the electrical output of the
electric generator may be used to power the alectric
motor 18 which drives the air compressor 16. The
excess electric power is sold or displaces pur-
chased power elsewhere. Condensate from the
steam turbine is input into the heat recovery steam
generator 32 on line 38 whereas steam is discharged
from the heat recovery steam generator on line 40
and input into the steam turbine 34 or may be used
elsewhere in the process. The heat exchange
process in the heat recovery steam generator thus
reduces the temperature of the hot gas stream
according to process requirements whereas a
steam output is made available from the heat
recovery steam generator. In addition to the fore-
going, additional heat recovery units 42 and 44 may
be provided in a condensate loop 45 for added
cooling of the product gas and to produce process
steam. The cooled product gas SO2 is output from
the heat exchanger 32 and subsequently processed
through catalytic converters 52 and 54 in a manner
known to the prior art, the details, of which, are not
particularly important to the present invention ex-
cept to the extent that the reaction is endothermic.

It has been suggested that the steam equipment
could be eliminated by using a gas turbine con-
nected directly to the output of a sulfur burning
furnace so that the combustion products of the
sulfur furnace could be expanded directly through
the gas turbine. However, this approach has been
avoided because of the corrosive nature of the
product gas.

In searching for an approach which could utilize a
gas turbine, while avoiding the introduction of
corrosive gas into a turbine, the arrangement of
Figure 2 has been proposed. Figure 2 shows an air
turbine cycle which includes an air compressor 60
which is driven by an air turbine 64 through an
interconnecting shaft 66. The air turbine 64 may also
drive an electrical generator or other load 68 through
a connecting shaft 70. A furnace 72 is provided with
fuel 74 such that combustion occurs within the
furnace to produce a hot exhaust gas stream or
product gas on line 76. The hot exhaust gas stream
is input into a heat exchanger 80 where it passesina
heat exchange relation with compressor discharge
air on line 82 whereupon hot air is provided on line 84
to the air turbine inlet. The hot air is expanded
through the air turbine to drive a bladed rotor (not
shown) which, in turn, drives the compressor and
the electrical generator. The turbine exhaust is
output on line 86 whereupon it is input into the
furnace 72 for providing heated air to the combus-
tion furnace. The prior art therefore includes an air
turbine 64 having an inlet 84 and an exhaust 86; at
least one main compressor 60 for supplying air to
the air turbine, the air turbine drivingly connected to
the main compressor through shaft 66. The means
for generating a hot exhaust gas stream includes a
furnace 72. A heat exchanger 80 passes the
compressor air supply or discharge 82 in heat
exchange relationship with the furnace hot exhaust
gas stream 76 for heating the air supply to the air
turbine inlet 84 and the means for providing a
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preheated air supply to the hot gas generating
means includes the turbine exhaust duct or line 86
connected to the furnace 72. The product gas output
of the heat exchanger on line 90 may then be sent on
to further process, e.g. for producing sulfuric acid if
S02.

The advantages of this cycle are readily apparent.
The turbomachinery only uses clean air and can be
made of conventional materials. The means for
generating a hot gas stream can be conventional.
The heat exchanger isolates the combustion pro-
ducts from the turbomachinery and can use materi-
als consistent with current practice for static
equipment handling such combustion products. This
process is presented in US Patent 4,492,085 issued
Jan. 8, 1985 and assigned to the present applicants.
On the other hand, this process may be disadvant-
aged because of the potential high temperature of
the output stream. In addition, the pressure and
quantity of turbine exhaust air may not be suited to
the stoichiometry of the furnace 72.

Referring now to Figure 3, an air turbine cycle 100
is shown which includes an air turbine 101 con-
nected to drive a first main compressor 102 through
shaft 104. The air turbine is further connected to
drive an electrical generator or load 106 through an
output shaft 108. Means for generating a hot exhaust
gas stream includes a furnace 110 which has a fuel
input 112. In the context of a process plant, the fuel
supplied to the furnace may be sulfur for producing a
hot exhaust gas stream of SO2. In a power plant,
which uses coal as the fuel input 112, the furnace
110 may be an atmospheric fluidized bed (AFB) type
of coal burner.

The furnace 110 provides a hot exhaust gas
stream 114 to a first heat exchanger 116. A second
counter flow stream input to the first heat exchanger
is compressor discharge air 118 from the main
compressor 102. The hot exhaust gas heats the main
compressor discharge air prior to it being input into
an air turbine inlet 120. A second main compressor
124 is connected to the first main compressor 102 by
shaft 126 and ultimately driven by the air turbine
through shaft 104 which drives the first main
compressor. A first intercooler 128 connects the
discharge end of the second main compressor 124
with the inlet end of the first main compressor 102
whereas a third main compressor 130 may be
connected to the second main compressor through
intercooler 132 and be driven by shaft 134 which is
ultimately driven by the air turbine 101. Two or more
compressors comprise a plurality of compressors.
The advantage of the plurality of compressors with
intercoolers is to lower the work put into providing
the pressurized air while also lowering the tempera-
ture of the first main compressor discharge air so
that the stack temperature of air turbine exhaust
may be lowered for maximum heat recovery.

Heat recovery of air turbine exhaust gas is
accommodated by a second heat exchanger 140 for
preheating the compressor discharge air 118. The air
turbine exhaust in duct 142 is input into the second
heat exchanger 140 for prewarming the main
compressor discharge air prior to its input into the
first heat exchanger 116 upstream of the air turbine
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inlet. The advantage of prewarming the compressor
discharge air is that it increases the output of the
cycle and enables heat recovery of otherwise
wasted air turbine exhaust gas. The output 148 from
the second heat exchanger 140 may be sent to the
stack to be discharged as waste gas. However, it is
pointed out that this stack gas” is basically air and
needs no further treatment with respect to the
surrounding environment. 1t could also be available
for process needs in a cogeneration application.

Air input into the furnace 110 or means for
producing a hot exhaust gas stream is derived from
a boost compressor 160 which is connected to the
plurality of main compressors through shaft 162 and
which is, in turn, driven by the air turbine 101. The
boost compressor 160 is used to more efficiently
match the stoichiometry and pressure requirements
of the furnace 110. The boost compressor discharge
air is sent to the means of generating a hot exhaust
gas stream through a third heat exchanger 170. The
hot side input to the heat exchanger is the discharge
hot exhaust gas stream 172 from the first heat
exchanger 118 whereas the cold side input into the
third heat exchanger is the boost compressor
discharge air 166. If the process to which the air
turbine cycle is applied is similar to the process for
producing sulfur where the process stream is
required to be at a higher temperature, then the third
heat exchanger 170 may not be used and the stream
goes "to process” as indicated by dashed line. If the
process stream is needed at a low temperature, then
the third heat exchange process may be for
reducing the temperature of the product gas;
whereas, if the process is for producing a power
output from a coal or other such fuel, then the third
heat exchange may be for recovery of exhaust heat
from the furnace by prewarming the boost com-
pressor air which may lower the heat rate of the
means for producing a hot exhaust gas stream.

In accordance with the present invention there-
fore, there has been shown the air turbine 101 having
an-air inlet 120 and an air turbine exhaust 142. The
plurality of main compressors 102, 124 and 130 are
connected in tandem and driven by the air turbine
101. Each pair of main compressors has an
intercooler 128, 132 interposed therebetween. The
means for generating a hot exhaust gas stream is a
furnace 110 which may be used for burning a
chemical for process reasons or coal for the sole
purpose of producing heat. The first heat exchanger
116 is used to pass the compressor discharge air
118 in heat exchange relation with the hot exhaust
gas stream 114 for the purpose of heating the
compressor discharge air. The second heat ex-
changer 140 is used for preheating the compressor
discharge air prior to its input into the first heat
exchanger with the benefit of preheating the air into
the air turbine for increased cycle output by
recovering heat from the air turbine exhaust gas. The
boost compressor 160 provides an air input into the
means for generating a hot exhaust gas stream 110
whereas the third heat exchanger 170 provides a
heat exchange between the boost compressor
discharge air and the exhaust gas stream after it has
passed through the first heat exchanger 116.
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The advantages of the foregoing described air
turbine cycle includes the achievement of high cycle
efficiency without the use of water or steam. The
products of combustion never enter the air turbine
and thus the air turbine materials selection is not
compromised by corrosion concerns. The critical
material concerns are therefore left only to the
means for producing a hot exhaust gas stream and
to the first and third heat exchangers in the flow path
of the hot exhaust gas stream. The combustion is
performed with specified stoichiometry; in the case
of a coal fired furnace with minimum excess air so
that any subsequent stack gas cleanup of the hot
exhaust gas stream is performed on a minimum
volume of gas, and in the case of a chemical furnace
to achieve desired product composition because of
the use of the second heat exchanger for recuper-
ation of the turbine exhaust gas output and the use
of the third heat exchanger with respect to the
incoming boost compressor discharge air and the
outgoing hot exhaust gas stream the stack dis-
charge temperatures are at a minimum ensuring
maximum heat recovery throughout the cycle. The
combination of heat addition at moderately high
temperature and all heat rejection at low tempera-
ture affords good efficiency. For cogeneration
applications there are three stream of clean, hot air
including the turbine exhaust, and the two inter-
coolers.

While there has been shown what is considered to
be the preferred embodiment of the present inven-
tion, other modifications may occur to those having
ordinary skill in the art.

Claims

1. An air turbine cycle comprising:

an air turbine having an inlet and an exhaust;

at least one main compressor for supplying
air to the air turbine inlet; the air turbine
drivingly connected to the main compressor;

means for generating a hot exhaust gas
stream;

a first heat exchanger for heating the air
supply to the air turbine inlet; the first heat
exchanger connected to the means for genera-
ting a hot exhaust gas stream and the air supply
whereby hot air is supplied to the air turbine.

2. An air turbine cycle comprising:

an air turbine having an inlet and an exhaust;

at least two main compressors for supplying
air to the air turbine inlet; the air turbine
drivingly connected, in tandem, to the main
COMpressors;

an intercooler connected between the at
least two main compressors;

means for generating a hot exhaust gas
stream; '

a first heat exchanger for heating the air
supply to the air turbine inlet; the first heat
exchanger connected to the means for genera-
ting a hot exhaust gas stream and the air supply

o

wr



7

whereby hot air is supplied to the air turbine;
and

a second heat exchanger for preheating the
air supply to the air turbine inlet; the second
heat exchanger connected to the air turbine
exhaust for passing hot turbine exhaust air in
heat exchange relationship with the air supply.

3. An air turbine cycle as set forth in Claim 1
or 2 further comprising:

a third heat exchanger for preheating a
second air supply connected to the means for
generating a hot exhaust gas stream; the third
heat exchanger connected to the hot exhaust
gas outlet of the second heat exchanger.

4. An air turbine cycle as set forth in Claim 3
further comprising: 7

a boost compressor for supplying the
second air supply connected to the means for
generating a hot exhaust gas stream; the air
turbine drivingly connected to the boost com-
pressor and the main air compressors.
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